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Description
Background of the invention

The present invention relates to a microprocessor and, more particularly, to an improvement in a microprocessor
executing an instruction for accessing a memory.

From EP-A2-0 535 820, a microprocessor is known which is intended to have atomic access to indidual bits of
registers. Based on the data, particular bit locations set and clear addresses are defined. This microprocessor does
not allow to increase the number of bits added to the operation field used to process operation codes corresponding
to instructions of the microprocessor.

In general, each of instructions consists of an operation field and an operand code. The operation field have an
operation code necessary to perform a required operation, whereas the operand field has information necessary to
access register, a memory, a peripheral unit and so forth.

In accordance with a demand for high performance of a microprocessor, a number of instructions, i.e. a number
of operation codes are required to prepare. For this purpose, it is considered to increase the number of bits allotted to
the operation field. However, in an instruction for accessing a memory, it is required to increase the number of bits
allotted to the operand field, since the operand field needs a register field portion having information indicative of a
base register storing a base address and an offset date field portion having data indicative of an offset value from the
base address.

As an instruction for accessing a memory, there are a LOAD instruction and a STORE instruction. The LOAD
instruction is such that a data stored in a memory is transferred to a register incorporated in a microprocessor, and the
STORE instruction is such that a data stored in a register is transferred to a memory. Moreover, the data transfer
between the memory and register is required to be performed in byte units in addition to word units, half-word units
and so on. Thus, it is required to prepare a plurality of LOAD instructions and STORE instructions in accordance with
the number of bytes to be transferred, as disclosed in "MIPS R4000 Microprocessor User's Manual®, 1991, pp. A-1 to
A-9 and so on.

Specifically, of instructions as disclosed in the above Manual, there are, as shown in Fig. 1, a one-byte LOAD
(STORE) instruction 410, a two-byte LOAD (STORE) instruction 420, a four-byte LOAD (STORE) instruction 430, and
an eight-byte LOAD (STORE) instruction 410. Each of these instructions 410, 420, 430 and 440 consists of an operation
field 11 composed of 6 bits (Bit Nos. 31-26) and an operand field 10 composed of 26 bits. The operand field 10 consists
of a first field portion 12 composed of 5 bits (Bit Nos. 25-21) indicative of a first register, a second field portion 13
composed of 5 bits (Bit Nos. 20-16) indicative of a second register, and a third field portion 14 composed of 16 bits (Bit
Nos. 15-0) indicative of an immediate data or an offset data. The second field portion 12 (rt) designates a source or
destination register, and a memory address is obtained by adding the content of a register designated by the first field
portion 12 (base) and the offset value of the third field portion 14.

The instructions 410, 420, 430 and 440 have individual operation codes (Op-code) as shown below, according to
the number of bytes to be transferred:

Instruction Operation Code
One-Byte LOAD 100000
Two-Byte LOAD 100001
Four-Byte LOAD 100011
Eight-Byte LOAD 110111
One-Byte STORE 101000
Two-Byte STORE 101001
Four-Byte STORE 101011
Eight-Byte STORE 111111

In a data transfer performed by the LOAD or STORE instruction, since the memory address is representative of a
byte address, when the four-byte LOAD or STORE instruction is, for example, executed, the most least significant two
bits of the memory address must be set to "0" in order to transfer four-byte data simultaneously. To this end, the least
significant two bits of the offset field portion 14 are required to be written with "0". If at least one of these two bits is
written with "1", there occurs trap exception to check a miss-alignment of the memory address.
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SUMMARY OF THE INVENTION

It is an object of the present invention to provide an improved microprocessor.

It is another object of the present invention to provide a microprocessor in which the number of instructions to be
executed can be increased without expanding the number of bits allotted to an operation field.

It is still another object of the present invention to provide a microprocessor in which trap exception caused by an
address miss-alignment is prevented.

A microprocessor according to the present invention is set out in claim 1.

Itis preferable that the part of the content of the operand field of the second instruction is made to be "0" irrespective
of the actual data thereof. Accordingly, there takes place no address miss-alignment in case of a LOAD or STORE
instruction.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the present invention will be apparent from the following
description taken in conjunction with the accompanying drawings, in which:

Fig. 1 is an instruction format diagram representative of LOAD or STORE instructions according to the prior art;
Fig. 2 is a block diagram illustrative of a microprocessor according to an embodiment of the present invention;
Fig. 3 is an instruction format diagram representative of LOAD or STORE instructions executed by the microproc-
essor shown in Fig. 2;

Fig. 4 is a circuit diagram illustrative of a mask circuit shown in Fig. 2; and

Fig. 5 is an instruction format diagram representative of LOAD and STORE instructions according to another em-
bodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to Fig. 2, a microprocessor 500 according to an embodiment of the present invention includes an
instruction register 501 into which an instruction to be executed is temporarily stored from a memory (not shown). This
microprocessor 500 is constructed to support or execute various instructions similarly to the prior art microprocessor;
however, the instructions as LOAD and STORE instructions executed by the microprocessor 500 are different in code
format from those by the prior art.

Specifically, as is apparent from the comparison between Fig. 1 and Fig. 3, the operation codes among a two-byte
LOAD (STORE) instruction 120, a four-byte LOAD (STORE) instruction 130 and an eight-byte LOAD (STORE) instruc-
tion 140 are the same as one another as denoted by "Op-Code I1". This operation code Op-Code Il is in turn different
from the operation code Op-code | of a one-byte LOAD (STORE) instruction 110. The detailed codes are as follows:

LOAD Instruction | STORE Instruction

Op-code | 100000 101000
Op-code |l 100001 101001

Since the operation codes are in common to the two-byte, four-byte and eight-byte LOAD (STORE) instructions
120, 130 and 140, a part of an offset field portion 14 of an operand field 10 is made different from one another. Spe-
cifically, in the two-byte LOAD (STORE) instruction 120, the least significant bit (LSB) BO thereof is determined to take
"0", as shown in Fig. 3. Similarly, the least significant two bits B1 and BO of the four-byte LOAD (STORE) instruction
are determined to take "0" and "1", respectively, and the least significant three bits B2, B1 and BO of the eight-byte
LOAD (STORE) instruction are determined to take "0", "1" and "1", respectively.

Turning to Fig. 2, of the instruction stored in the instruction register 501, the operation field 11 (Bit Nos. 31-26) is
supplied to a decoder 502, and the field portion 12 (Bit Nos. 25-21) the second field portion 13 (Bit Nos. 20-16) and a
part of the offset field portion 14 (Bit Nos. 15-3) except the least significant three bits B2, B1 and B0 are supplied to
an address calculation unit 506. The least significant three bits B2, B1 and BO are supplied to a mask circuit 504 and
a selector 505 and further to the decoder 502.

The decoder 502 responds to the operation code produces a control signal 5021 which takes a high level when
the instruction stored in the register 501 is one of the two-byte, four-byte and eight-byte LOAD and STORE instructions
and a low level when the instruction other than the above instructions is decoded. When one of the two-byte, four-byte
and eight-byte LOAD and STORE instructions is decoded, the decoder further refers to the least significant three bits
B2 - BO of the instruction to discriminate which one of those instructions is currently being decoded. In other cases,
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the decoder 502 only refers to the operation field. Thus, the decoder 502 produces decoded operation code information
5022 which is in turn supplied to an execution unit (EXU) 503 to command a required data processing operation.

The selector 505 responds to the low level of the control signal 5021 and allows the bits B2 - BO of the offset field
portion 14 to pass therethrough to the unit 506. When the control signal 5021 takes the high level, on the other hand,
the selector 505 selects the output of the mask circuit 504 and transfers it to the unit 506.

Referring to Fig. 4, the mask circuit 504 is composed of an inverter 5041 and a NOR gate 5042 which are connected
as shown. Accordingly, the mask circuit 504 responds to the data of the bits B2, B1 and BO and produces mask data
consisting of M2, M1 and MO as shown below.

B2 B1 BO M2 M1 MO
0 0 0 0 0 0
0 0 1 0 0 0
0 1 0 0 1 0
0 1 1 0 0 0
1 0 0 1 0 0
1 0 1 1 0 0
1 1 0 1 1 0
1 1 1 undefined

Thus, when the two-byte LOAD or STORE instruction is decoded, the address calculation unit 504 always receives
the offset value data whose least significant bit is "0". Similarly, the unit 506 always receives the offset value whose
least significant two bits are all "0" with respect to the four-byte LOAD or STORE instruction, and receives the offset
value data whose least significant three bits are all "0" with respect to the eight-byte LOAD or STORE instruction.
Consequently, the microprocessor 500 does not require such a unit that detects and initiates trap exception for an
address miss-alignment.

Moreover, in the microprocessor 500, there are not required individual operation codes for the two-byte, four-byte
and eight-byte LOAD or STORE instructions. Instructions more than those of the prior art are thus supported or executed
by the microprocessor 501.

Referring to Fig. 5, there are shown formats of six instructions 201-206 according to another embodiment of the
present invention. Each of the instructions 201-206 is 16-length and includes a register field 130 (Bit Nos. 15-11)
indicative of a source or destination register, an operation field 110 (Bit Nos. 10-7) indicative of an operation code, and
an offset field 140 (Bit Nos. 6-0) indicative of offset data from a base address for a memory address. The content of
the source or destination register is employed as the base address.

As is apparent from Fig. 5, the operation code of the four-byte LOAD instruction 205 is the same as that of the
four-byte STORE instruction 206, and for this reason, the least significant bit (LSB) BO of the instruction 205 is deter-
mined to be set with "0", whereas the LSB BO of the instruction 206 is determined to be set with "1".

In the instruction formats shown in Fig. 3 or Fig. 5, the positions of the respective fields may be changed. Further,
the operation codes of the instructions may be modified.

Claims

1. A microprocessor (500) comprising storage means (501) for temporarily storing an instruction to be executed, said
instruction including an operation field and an operand field, and an execution unit, characterized in that a decoder
coupled to said storage means (501) to receive said operation field and a part of said operand field of

aid instruction is provided, said decoder (502) in response to said operation field, operates either in a first
mode to produce decoded information in response to said operation field, or in a second mode to produce
decoded information in response to said operation field

and said part of said operand field, which is referred to to further discriminate between instructions, and an
execution unit (503) is provided coupled to receive the decoded information from said decoder (502) and
executing said instruction in response thereto.

2. The microprocessor as claimed in claim 1, further comprising a control circuit (504, 505) receiving said part of said
operand field and operating in said first mode to output said part of said operand field and in said second mode
to output predetermined data, and an address calculation unit (506) responding to a remaining part of said operand
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field and output data of said control circuit (504, 505) and producing an access address.

Patentanspriiche

1.

Ein Microprozessor (500), der eine Speichervorrichtung (501) zur Zwischenspeicherung eines auszuflhrenden
Befehls, wobei der Befehl ein Operationsfeld und ein Operandenfeld aufweist, und eine Ausfliihrungseinheit auf-
weist, dadurch gekennzeichnet, dafB eine Decodiervorrichtung, die mit der Speichervorrichtung (501) verbunden
ist, um das Operationsfeld und einen Teil des Operandenfelds des Befehls aufzunehmen, vorgesehen ist, daf3 die
Decodiervorrichtung (502) ansprechend auf das Operationsfeld entweder in einem ersten Modus zur Erzeugung
von decodierten Informationen ansprechend auf das Operationsfeld oder in einem zweiten Modus zur Erzeugung
von decodierten Informationen ansprechend auf das Operationsfeld und den Teil des Operandenfelds, auf das
Bezug genommen wird, um zwischen Befehlen weiter zu unterscheiden, arbeitet, und dafB eine Ausfihrungseinheit
(508) vorgesehen ist, die angeschlossen ist, um die decodierten Informationen von der Decodiervorrichtung (502)
aufzunehmen und den Befehl ansprechend darauf auszufihren.

Microprozessor nach Anspruch 1, dadurch gekennzeichnet, daf3 dieser weiterhin eine Steuerschaltung (504, 505),
die den Teil des Operandenfelds aufnimmt und im ersten Modus arbeitet, um den Teil des Operandenfelds aus-
zugeben, und im zweiten Modus arbeitet, um vorher festgelegten Daten auszugeben, und eine Adressen-Berech-
nungseinheit (506) aufweist, die auf einen restlichen Teil des Operandenfelds und auf Ausgabedaten der Steuer-
schaltung (504, 505) anspricht und eine Zugriffsadresse erzeugt.

Revendications

Microprocesseur (500) comprenant des moyens de mémoire (501) pour mémoriser temporairement une instruction
a exécuter, ladite instruction ayant un champ d'opération et un champ d'opérande, et une unité d'exécution, ca-
ractérisé en ce qu'un décodeur est prévu couplé auxdits moyens de mémoire (501) pour recevoir ledit champ
d'opération et une partie dudit champ d'opérande de ladite instruction, ledit décodeur (502) en réponse audit champ
d'opération agit ou bien selon un premier mode pour produire des informations décodées en réponse audit champ
d'opération ou bien selon un second mode pour produire des informations décodées en réponse audit champ
d'opération et a ladite partie dudit champ d'opérande & laquelle il est fait référence afin de faire en outre une
discrimination entre des instructions, et une unité d'exécution (503) est prévue, couplée pour recevoir dudit déco-
deur (502) les informations décodées et exécuter ladite instruction en réponse.

Microprocesseur selon la revendication 1, comprenant encore un circuit de commande (504, 505) recevant ladite
partie dudit champ d'opérande et fonctionnant selon ledit premier mode pour produire ladite partie dudit champ
d'opérande et dans le second mode pour produire des données prédéterminées, et une unité de calcul d'adresse
(506) répondant & une partie restante dudit champ d'opérande et & des données produites par ledit circuit de
commande (504, 505) et produisant une adresse d'accés.
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